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ABSTRACT - Potato (Solanum tuberosum L.) breeding for PVY resistance is of utmost importance, in view of the great
damage this disease can cause. The establishment of triplex (RyRyRyry) or quadruplex (RyRyRyRy) clones as parents facilitate
breeding work because their progenies have a high proportion of clones with the resistant allele. The purpose of this study was
to select clones with three to four copies of the Ryadg allele from a population derived from duplex (RyRyryry) crosses and to
evaluate the agricultural traits. Testcrosses with a nulliplex genotype (ryryryry) were performed to identify the genotypes for
the Ryadg allele, using the SCAR RYSC3 marker. Triplex and quadruplex clones were identified by the marker, but a larger
number of progenies of the test-cross must be tested for the confirmation of their genotypes. The agricultural performance of
the clones with the Ryadg allele was better than of the control cultivars.
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INTRODUCTION
The fact that potato is vegetatively propagated is
favorable for the spread of diseases, mainly of the viral,
which lead to crop degeneration (Secor and Rivera-Varas
2004, Daniels et al. 2002).  The economically most
damaging diseases are potato leafroll virus (PLRV),
potato virus Y (PVY) and potato virus X (PVX). Currently
PVY has caused most damage and surpassed PLRV in
numbers, with losses of up to 80% (Valkonen 2007,
Daniels and Pereira 2004).
PVY isolates have been included in different
groups of strains: PVYO, PVYC and PVYN and there can
be further variations within these groups, e.g., in PVYN,
designated PVYNTN and PVYNW. The PVY strains can
be differentiated according to the symptoms in tobacco
(Nicotiana tabacum) and potato plants. The PVYO
(common strain) causes mosaic symptoms on tobacco
leaves and weak to severe mosaic on different potato
cultivars, and induces defoliation in Physalis floridana.
The necrotic strain (PVYN) causes necrosis in the veins
of tobacco plants, variable mosaic symptoms in potato
and does not induce defoliation in Physalis. Isolates of
the PVYC strain however cause systemic necrosis, a
symptom known as stipple streak in potato cultivars
carrying the Nc gene (De Bokx and Huttinga 1981). The
different strains cannot be distinguished in the field,
but by laboratory techniques as the serological method
DAS-ELISA, using monoclonal antibodies, or the RT-
PCR technique, or by use of indicator plants, a
differentiation is perfectly possible (Balme-Sinibaldi et
al. 2006, Glais et al. 2002, Blanco-Urgoiti et al. 1998).
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The dissemination of the virus occurs through
vectors, mainly by the aphid Mysus persicae, which
hampers the control due to the non-persistent mode of
transmision. The most effective control measure is
therefore genetic resistance (Novy et al. 2002). This
resistance may be given in the form of hypersensitivity,
tolerance or extreme resistance. The latter is most
promising, since virus replication in the host is
impossible or occurs at a very low level (Solomon-
Blackburn and Barker 2001).
Breeding for PVY resistance is facilitated by the
fact that the control is monogenic, and heritability high
and durable. The Ry genes that control extreme
resistance ensure full protection against all PVY strains;
of these, Ryadg, originated from S. tuberosum spp.
Andigena, and Rysto, of S. stoloniferum, among others,
have already been identified (Baldauf 2006, Gebhardt
and Valkonen 2001, Blanco-Urgoiti et al. 1998).
Although the resistance level of the duplex
(RyRyryry), triplex (RyRyRyry) and quadruplex
genotypes (RyRyRyRy) is the same as of the simplex
genotype (Ryryryry), its great advantage is related to
the proportion of resistant progenies. Thus, while the
cross between simplex and a nulliplex genotype
(ryryryry) results in only 50% resistant progenies, the
progenies of the cross of triplex or quadruplex clones
with another nulliplex are practically all resistant.
The purpose of this study was to select clones
from the cross of duplex genotypes carrying multiple
copies of the allele Ryadg using the SCAR marker and to
evaluate their agronomic performance.
MATERIAL  AND METHODS
Approximately 3000 clones derived from crosses
of the duplex clones OAS 3-30 and JUG 2-20 (Ribeiro et
al. 2006) were evaluated. The botanical seeds were
treated with gibberellic acid at 1500 ppm, for 24 hours in
the dark to break dormancy and sown on organo-mineral
material in a greenhouse of the Department of Biology,
Universidade Federal de Lavras. Tubers were harvested
approximately 70 days after sowing (seedling
generation).
After sprouting, a tuber of each clone of the
seedling generation was planted in a green-house, on
organo-mineral material and transplanted to the field,
approximately 40 days after planting. The test was
conducted from April to June 2007, in 1.0 m x 1.0 m
spacing for tuber multiplication. In this generation, only
a selection for visual tuber appearance was performed,
based on shape (oval or elongated), skin roughness
(smooth skin) and eye depth (shallow or superficial);
the process ended with 341 selected clones.
The agronomic traits were evaluated in a test
conducted from December 2007 to April 2008, in an area
of commercial production in Camanducaia, MG. The
augmented block design was used, with 341 clones as
regular treatments, distributed in 21 blocks with 17
treatments each. The cultivars Asterix, Atlantic and
Monalisa (controls) were used as common treatments.
Each plot consisted of a four-plant row, in 0.3 m x 0.8 m
spacing.
The following traits were evaluated: tuber yield
(g plant-1), percentage of large tubers (ø > 45 mm), mean
weight of marketable tubers, dry matter percentage of
tubers, and grade of tuber appearance (1 = worst
appearance, 5 = best appearance). The data were
subjected to analysis of variance for each trait
separately. The broad-sense heritability for each trait
was estimated according to the procedure of Vencovsky
and Barriga (1992), based on the expression:
    , where σ 2
G is the genetic variance and
σ 2
E is the environmental variance. The coefficients of
genetic variation and the ratio CVg/CVe were also
calculated using software Genes (Cruz 2006).
To verify the genetic constitution of the clones
with respect to allele Ryadg, test crosses of all clones
with the susceptible cultivar Chiquita (ryryryry) were
performed. The progenies of each clone were planted
in styrofoam trays containing organo-mineral material.
After approximately 25 days the seedlings were
transplanted to plastic pots and after about 30 days
young leaves were collected for DNA extraction by the
CTAB method (Doyle and Doyle 1987), as described by
Ferreira and Grattapaglia (1998). The SCAR primer pair
RYSC3 was used (Kasai et al. 2000). Initially, 10 progeny
plants of each clone (1st evaluation) were evaluated.
The clones with a presence: absence ratio of the 321 bp
band below 9:1 were reevaluated with a larger number
of plants (2nd evaluation). This was done to accelerate
the molecular analysis, bearing in mind that a large
number of clones should be tested initially. Only the
clones with high probability of being triplex or
quadruplex were reevaluated.
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process of Nienhuis et al. (1995). The following
amplification program was used: 95 °C for 2 min for
initial denaturation followed by 33 cycles at 94 °C for
20 s, 60 °C for 20 s and 72 ºC for 20 s, followed by a final
extension step of 4 min at 72 °C. Chiquita and Monalisa
were used as susceptible cultivars, and the simplex
clones XY14 and XY17 from the CIP (Peru) as resistant
controls.
The hypotheses of genetic constitutions were
tested by χ2, considering the frequency of double
reduction α = 0.1566 (Mendoza et al. 1996) and the
following proportions of plants with the band presence:
absence: nulliplex: 0: 1; simplex: 1: 1.17, duplex: 3.56: 1;
triplex: 24.5: 1; quadruplex: 1: 0.
RESULTS AND DISCUSSION
Evaluation of agronomic performance
Significant differences between treatments were
observed for all traits. The coefficients of broad-sense
heritability were intermediate and ranged from 0.33
for tuber yield to 0.78 for tuber dry matter content
(Table 1). The ratio CVg/CVe > 1.0 indicated the
possibility of gains with selection. Only for tuber yield
this value was below 1.0.
The trait means of the seven clones identified as
triplex or quadruplex are presented in Table 1. Some
clones were similar to the controls or even exceeded
them and are therefore indicated to be used as parents
in PVY-resistance breeding program. Among these, clone
CMA 141 is noteworthy, with high yield (1.8 standard
deviation (s) above the overall mean ( )) and a high
percentage of large tubers (2.04s >  ), as well as high
tuber dry matter content (0.33s >  ). Furthermore, the
tuber appearance of this clone was good (4.7s >  ). All
these traits together indicate this clone for a possible
release as new PVY-resistant cultivar, if it continues to
perform particularly well in future experiments in a
greater number of environments and growing seasons.
Other promising clones were CMA 399 and CMA
325 with yields similar to the best control (cv. Atlantic),
but above the overall mean of 0.8s and 0.33s. The
percentage of large tubers was also higher (0.81s and
0.40s, respectively) and the tuber dry matter content
high (0.24s and 1.05s, respectively) (Table 1). The
appearance of these clones was however not good,
which would limit their use as table cultivars, but they
could be used as parents in breeding programs. The
yield of clone CMA 270 however, which is probably
quadruplex, was similar to the other controls, but below
the overall mean (0.17s <  ). On the other hand, this
clone has a higher percentage of large tubers (1.55s)
and good tuber dry matter content.
The agronomic performance of several other
Clones Yield (g  plant-1) % Large tubers Mean weight (g) % Dry matter Tuber appearance
CMA 330 553.57 56.08 68.96 22.49 2.80
CMA 341 378.38 61.18 79.55 23.12 2.83
CMA 399 682.73 60.44 80.98 21.64 2.24
CMA 77 316.07 28.71 55.79 22.96 1.74
CMA 141 872.32 78.32 105.55 21.75 4.41
CMA 325 586.90 54.62 71.44 22.62 2.63
CMA 270 488.74 71.11 92.52 20.79 2.59
Asterix 321.92 18.52 66.59 17.74 3.37
Atlantic 681.80 39.66 59.19 19.16 2.89
Monalisa 481.98 21.60 59.13 16.18 4.46
General mean ( ) 521.33 48.8 80.04 21.35 2.83
Standard deviation 195.80 14.41 11.32 1.21 0.33
CV (%) 37.63 31.53 14.61 5.84 11.33
h2
a (%) 33.23 65.99 76.50 77.64 76.14
CVg/CVe 0.71 1.39 1.80 1.86 1.79
Table 1. Means of the seven triplex/quadruplex clones and the controls, overall means, standard deviations, coefficients of variation
(CV), broad-sense heritability (h2
a) and ratio of the coefficients of genetic by the environmental variation (CVg/CVe) for tuber yield,
percentage of large tubers, mean weight of marketable tubers, percentage of dry matter and grade of tuber appearanceCrop Breeding and Applied Biotechnology 9: 286-292, 2009  289
Potato clones with multiple copies of the Ryadg allele conferring resistance to PVY
clones was considerably superior to the controls (data
not shown), but could not be evaluated for the presence
of allele Ryadg. It is possible that among these clones
some may contain multiple copies of the allele Ryadg
and could be used as parents in a breeding program.
Identification of clones carrying allele Ryadg
Of the 341 clones evaluated in the field only 61
could be tested for the presence of allele Ryadg. The
other clones did not flower or the cross with the nulliplex
tester did not produce fruit.
The presence of the band that marks allele Ryadg
can be identified unequivocally, confirming results of
Rizza et al. (2006) and Gebhardt et al. (2006). From the
cross of duplex clones (OAS 3-30 x JUG 2-20) and
considering chromosome segregation (α = 0), a
proportion of 1/36 quadruplex: 8/36 triplex: 18/36 duplex:
8/36 simplex: 1/36 nulliplex can be expected. However,
considering double reduction, with α=0.1566, the
expected segregation would be approximately 1/21
quadruplex: 5/21 triplex: 9/21 duplex: 5/21 simplex: 1/21
nulliplex. These segregations indicate that between 85
to 100 clones of the 341 could be expected to be triplex
and quadruplex. However, in this study it was not
possible to verify the adjustment to these proportions
due to the ambiguity of the χ2 test, where results are
similar for both the absence (chromosome segregation)
and the occurrence of double reduction. Moreover, as
already mentioned, only 61 clones could be evaluated
for allele Ryadg.
The evaluation of the test cross plants with this
marker allowed inferences about the genetic
constitution of the parental clone. Table 2 presents the
values and significances of χ2 tests for the different
genetic constitutions. It was observed that, when the
proportion of plants with bands (+) to those without
(-) is greater than 9:1, respectively, the probability that
the tested clone has quadruplex or triplex formation is
greater. Consequently, the clones CMA 104, CMA 330,
CMA 355, CMA 382, CMA 77, CMA 141, CMA 170, CMA
270, CMA 325, CMA 341, and CMA 399 with no
significant response for the triplex and/or quadruplex
formation were evaluated with more progenies (Table 2,
2nd evaluation).
The clones CMA 355, CMA 104, CMA 382, and
First evaluation
Genotypes Bands Total plants Genetic constitution
+ - Nulliplex Simplex Duplex Triplex Quadruplex
CMA 229 0 10 10 0.00 8.55** 35.68** 245.75** **
CMA 109 2 8 10 ** 2.74 19.75** 154.10** **
CMA 218 2 8 10 ** ns ** ** **
CMA 365 3 6 9 ** 0.59 10.55** 94.34** **
CMA 40 3 7 10 ** 1.04 13.54** 116.26** **
CMA 87 3 7 10 ** ns ** ** **
CMA 194 3 7 10 ** ns ** ** **
CMA 245 3 7 10 ** ns ** ** **
CMA 307 3 7 10 ** ns ** ** **
CMA 114 4 5 9 ** 0.01 5.97* 63.89** **
CMA 93 4 6 10 ** 0.15 8.49** 83.74** **
CMA 254 4 6 10 ** ns ** ** **
CMA 360 4 6 10 ** ns ** ** **
CMA 379 4 6 10 ** ns ** ** **
CMA 22 5 4 9 ** 0.32 2.68 39.36** **
CMA 30 5 5 10 ** 0.06 4.62* 56.54** **
CMA 31 5 5 10 ** ns * ** **
CMA 58 5 5 10 ** ns * ** **
To be continued …
Table 2. Frequencies observed in the progenies of the test-cross with band presence (+) and absence (-) and values and significance of the
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Table 2. Cont.
First evaluation
Genotypes Bands Total plants Genetic constitution
+ - Nulliplex Simplex Duplex Triplex Quadruplex
CMA 85 5 5 10 ** ns * ** **
CMA 122 5 5 10 ** ns * ** **
CMA 249 5 5 10 ** ns * ** **
CMA 299 5 5 10 ** ns * ** **
CMA 315 5 5 10 ** ns * ** **
CMA 372 5 5 10 ** ns * ** **
CMA 111 6 3 9 ** 1.53 0.69 20.74** **
CMA 6 6 4 10 ** 0.78 1.92 34.67** **
CMA 29 6 4 10 ** ns ns ** **
CMA 52 6 4 10 ** ns ns ** **
CMA 168 6 4 10 ** ns ns ** **
CMA 182 6 4 10 ** ns ns ** **
CMA 184 6 4 10 ** ns ns ** **
CMA 268 6 4 10 ** ns ns ** **
CMA 308 6 4 10 ** ns ns ** **
CMA 370 6 4 10 ** ns ns ** **
CMA 63 7 3 10 ** 2.30 0.38 18.12** **
CMA 84 7 3 10 ** ns ns ** **
CMA 106 7 3 10 ** 2.30 0.38 18.12 ** **
CMA 201 7 3 10 ** ns ns ** **
CMA 246 7 3 10 ** ns ns ** **
CMA 293 7 3 10 ** ns ns ** **
CMA 327 7 3 10 ** ns ns ** **
CMA 374 7 3 10 ** ns ns ** **
CMA 385 7 3 10 ** ns ns ** **
CMA 420 7 3 10 ** ns ns ** **
CMA 37 8 2 10 ** 4.63* 0.02 6.89** **
CMA 80 8 2 10 ** * ns ** **
CMA 238 8 2 10 ** * ns ** **
CMA 310 8 2 10 ** * ns ** **
CMA 346 8 2 10 ** * ns ** **
CMA 357 8 2 10 ** * ns ** **
CMA 104 9 1 10 ** 7.76** 0.83 0.99 **
CMA 330 9 1 10 ** ** ns ns **
CMA 355 9 1 10 ** ** ns ns **
CMA 382 9 1 10 ** ** ns ns **
CMA 77 10 0 10 ** 11.70** 2.80 0.41 0.00
CMA 141 10 0 10 ** ** ns ns ns
CMA 170 10 0 10 ** ** ns ns ns
CMA 270 10 0 10 ** ** ns ns ns
CMA 325 10 0 10 ** ** ns ns ns
CMA 341 10 0 10 ** ** ns ns ns
CMA 399 10 0 10 ** ** ns ns ns
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CMA 170, which had a large number of progenies
without the band probably do not have triplex formation
(Table 2, 2nd evaluation). The clones CMA 341, CMA
399, CMA 77, and CMA 141 however, despite having no
significance in the χ2 test for duplex and triplex
constitution are, according to the binomial probability
distribution, were nearly nine times more likely to be
triplex than duplex. For clone CMA 325 this chance was
about 11 times.
All progenies of the test cross of clone CMA 270
had band 321 bp (Figure 1), indicating that this clone
may be triplex or quadruplex. According to the binomial
distribution, the probability that the clone is duplex is
about 177 times less than that it is for triplex. The
probability of being triplex compared to quadruplex is
only 37%, indicating the greater likelihood of actually
being a quadruplex clone.
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Second evaluation
Genotypes Bands Total plants Genetic constitution
+ - Nulliplex Simplex Duplex Triplex Quadruplex
CMA 355 9 4 13 8106.23** 2.80 0.60 24.92** 1601.23**
CMA 104 15 5 20 22511.25** 6.73** 0.11 23.64** 2501.25**
CMA 382 16 4 20 25612.80** 9.26** 0.04 13.76** 1600.80**
CMA 170 17 3 20 28914.45** 12.19** 0.55 6.53* 900.45**
CMA 330 18 2 20 32416.20** 15.52** 1.65 1.97 400.20**
CMA 341 19 1 20 36118.05** 19.26** 3.34 0.06 100.05**
CMA 399 19 1 20 ** ** ns ns **
CMA 77 19 1 20 ** ** ns ns **
CMA 141 27 2 29 72925.14** 25.80** 3.81 0.69 400.14**
CMA 325 28 2 30 78426.13** 26.95** 4.06* 0.60 400.13**
CMA 270 25 0 25 62525.00** 29.25** 7.00** 1.02 0.00
Table 2. Cont.
ns: non-significant; * significant at 5%; ** significant at 1% probability
Figure 1. Presence of a 321 pb band identified by the primer pair
RYSC3 in 20 progeny plants (1 to 20) of the test-cross of clone
CMA 270 and the susceptible controls S1 (Monalisa) and S2
(Chiquita) with the resistant controls R1 (XY14) and R2 (XY17).
M is the marker 100 pb DNA ladder
Clones de batata com cópias múltiplas do alelo Ryadg de
resistência ao PVY
RESUMO - O melhoramento da batata (Solanum tuberosum L.) visando resistência ao PVY é de grande importância devido
aos prejuízos que este vírus pode causar à cultura. A obtenção de clones triplex (RyRyRyry) ou quadriplex (RyRyRyRy) facilita
o trabalho de melhoramento, uma vez que suas descendências apresentam alta proporção de plantas portadoras do alelo de
resistência. Este trabalho objetivou selecionar clones com múltiplas doses do alelo Ryadg de populações provenientes do
cruzamento de clones duplex (RyRyryry) e avaliá-los agronomicamente. A identificação dos genótipos para o alelo Ryadg292                                                                                                        Crop Breeding and Applied Biotechnology 9: 286-292, 2009
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baseou-se em cruzamentos-teste com genótipo nuliplex (ryryryry) empregando-se o marcador SCAR RYSC3. O marcador
permitiu a identificação de clones triplex e quadriplex, porém para certificação de seus genótipos é necessário avaliar
progênies mais numerosas do cruzamento-teste. Os clones com o alelo Ryadg apresentaram desempenho agronômico superior
ao das testemunhas.
Palavras-chave: Solanum tuberosum L., virose, resistência, PVY.
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